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(54) PROCESS FOR MANUFACTURING ORGANIC ELECTROLUMINESCENT DEVICE 



(57) A method for producing an organic electrolumi- 
nescent device, which is provided with first electrodes 
formed on a substrate, a thin fihn layer formed on the 
first electrode containing at least an emitting layer com- 
posed of an organic compound and a plurality of second 
electrodes formed on the thin fBm layer, and has a plu- 
rality of luminescent regions on said substrate, compris- 
ing the steps of forming spacers having a height at least 
partially exceeding the thickness of said thai fim layer 
on the substrate, and vapor-depositing a deposit for pat- 
terning while the shadow mask having rei nfo r cin g fines 
formed across its apertures is kept in contact with said 
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Highly precise fne patterning can be effected under 
wide vapor deposition conditions w&hout degrading the 
properties of organic electroluminescent elements, and 
high stability can be achieved by a relatively simple 
process without limiting the structure of the electrolumi- 
nescent device. 
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Technical Fields 

s [0001] The present invention relates to a method frx producing an organic^ 

of luminescent regions of organic dectrohrnvnescent elements on one substrate, which can be used in such fields as 
cfisptey elements, flat panel displays, back Bghts and the interior. 

Background Art 

10 

[0002] In recent years, organic electroluminescent elements attract attention as new luminescent elements. In this 
element the holes injected from an ancde and the electrons injected frtm 
ting layer held between both the electrodes, end a W. Tang etal. of Ko^ 
fightat a high luminance at a low voltage (App Phys. Lett 51 (12) 21. p 913, 1987). 
is [0003] Fig. 37 is a sectional view showing a typical stru^ element A hole trans- 

Port layer 5, an organic emitting layer 6 and second electrodes (cathodes) 8 are laminated on transparent first elec- 
trodes (anodes) 2 formed on a glass substrate 1. and the fight emitted due to the drive by a drive source 9 is 1z*en 
outside through the first electrodes and the glass substrate. 

thickness and under low voltage driving, can emit fight at a high luminance and also allow mutbcotored luminescence 
20 by selecting organic hmnescent materials. Their application as electroluminescent devices such as cfisptey elements 
and cfeplays is being actively stuc&ect 
[0004] In these case, for exarrpte, fo^ 

precisely patterning at least an organic emitting layer and second electrodes is needed, and in an active matrix type 
color cfisptey. a technique tor highly precise*/ pattern^ 
25 [0005] For such fine patterning, photolithography is conventionally used as a wet process. Japanese Patent Lad- 
Open (Kokai) No. Hei6-234969 ctisctoses a technique lor obtaining an element to allow appScation of phototithography 
by devising an organic material. 

[0006] As methods for patterning the second electrodes without using any wet process, Japanese Patent Laid-Open 
(Kokai) Nos. Hei5-275172 and Hei8-3 15981 cfisctose partition techniques. In the technique of Japanese Patent taid- 
30 Open (Kbkai) Ma HeiS-275172, partitions are arranged with intervals on a substrate, and an electrodes material is 
vapor-deposited on the substrate in an ob6que ejection. In the technique of Japanese Patent Laid-Open (Kbkai) No. 
Hei8-3 15381, partitions with overhangs are formed on a substrate, and an electrode material is vapor-deposited on the 
substrate from within an angle range with the vertical direction as the center. 

[0007] The conventional masking methods are general patterning methods without using any wet process. In these 
as methods, a shadow mask is arranged before a substrate, and a deposit is vapor-deposited through apertures for pat- 
terning. 

[0008] As a fine patterning method by masking. Japanese Patent LaidOpen (Kokai) No. Hei9-1 15672 discloses a 
masking technique using a shadow mask with a single layer structure. In this method, a shadow mask wider in mask 
portion than in aperture width is used for patterning an organic thin film layer and second electrodes for each lumines- 
40 cent color, to al low the production of a practical pitch passive matrix type color display. 
[0009] On the other hand, though not relate 

anese Patent Publication (Kokoku) No Sho63^38421 discloses a technique for forming a wirfog pattern by using a 
shadow mask with a laminate structure. In this method, a two-layer shadow mask consisting of meshes and a foa with 
a pattern formed, either of which is a magnetic material, is kept in contact with a substrate by a magnet, for vapor dep- 
45 osrtioru Since the meshes inhibit the deformation of apertures, a compticated wiring pattern such as a eyefic circuit por- 
tion and a curved thin circuit portion can be formed. 

Disclosure of the Invention 

so [0010] However, the above mentioned conventional methods have the following problems. 

[0011] According to said photofithographic method, since the organic thin fBm layer used as a component of an 
organic electroluminescent element is generaHy poor in the durability against water, organic solvents and chemica] 
solutions, the performance of the organic electroluminescent element is remarkably degraded. Furthermore, to obtain 
an organic electroluminescent element allowing the application of a wet process, the materials used are timfted. 

55 [0012] According to the partition methods, since patterning is achieved by using the shadows of trie deposrt formed 
by partitions, highly precise patterning cannot be achieved when vapor deposition is effected at various angles or when 
vapor strays behind the partitions in a large quantity. So, these methods are not suitable for larger substrate areas, 
higher vapor deposition rates or more highly precise patterning. Furthermore, since regions free from the second elec- 
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^^^^^^^^^ «^es^>o«cfirtg to »>e shadows of tt>e deposit exist or. the oroanlc thio fa m layer. t*>e or^arwc 
S^STT^h^. deteriorated *» of water, etc from there. MoreoXrt ^noTe^ 

*!?^!?»!!!^ 

SrT l tt J n rSj^ , S ^^f 9 8 sha *T "^"^ a sing'e layer structure, though the mask portion «s relatively 
™/-^f P«««| that the apertures are deformed cannot be solved, and patterning at high accuracy cannot be 

to* theelemenl obtained can be appfied only as a display stnjcture in whfc*tte 
]^'jf^^' neth «^"^asriac^ 

rn^££^^^!?^^ 

a shades mask prepared byptacing a patterned W en Ngliry rough mesr^ 

Zl™^ " ^^Iff**^ ^ « * *ffi^rt to high* precisely achieTa fine patte^sad^SuTfur 
^e*%^«heorg^ 

L^ S 2^1^^L < ^!^ efcS °' SinCean «**«**■• such as shortorcuiHng between 

Eta „£!±^.!!^ 

f£n^ ^^^^f"^^^!^! 0 etectrohjmi " esc ent device, without damaging the organic thin flm fcryer. 

^!^ Um ^ eSC8n ^ t *" C8 a " OWS P' 6 ^ Patterning under various vapor cfeposrBon ccndScns 
wrtjoutd^radi^ 

lively smplepioi^ without Brrtling to ■ * ' 

Brief Description of the Drawings 

[0018] 



40 



Hg. lis a plan view showing an example of the organic electroluminescent device produced according to the 
present invention. 

Fig. 2 is a sectional view along H'of Rg. 1. 
Fig. 3 is a sectional view along IHT of Rg. 1. 

Fig. 4 is a plan view showing an example of the shao^ mask used in the present tnv 
Fig. 5 is a sectional view along l-T of Fig. 4. 

IJLlf ■ a viGwak>n 9 , - rfor austrating an example of the second electrode patterning method in the 

present oiveriDon. 

SlJ.^^r"' ^J'"'^ iUuStratin9 eaam P ,e <* *° s ec°"d electrode Patterning method in the 
45 present invention (side view of Fig. 6). 

Rg. 8 is a plan view showing an example of the first electrode pattern. 

Rg. 9 is a plan view showing an example of the spacers formed in the present imention 

* K B i*!" WeW sho *" n 9 ano * lef example of the organic eJectrotuminescerrt device produced according to the 
present inverraon. ^ 

so Fig. 11 isasectkmal viewalong l-TofRg. 10. 

Fig. 12 is a sectional view along ll-ir of Fig. 10. 

RgJ 3 is a plan ^showing a further other example of the organic electrolumiriescent device produced according 
to tne present invention. ^* 
Fig. 14 is a sectional view along t-l* of Fig. 13. 
& Fig. 15 is a sectional view along IMF of Fig. 13. 
Fig. 16isasecfoxialviewak>r^^ 
Fig. 17isaplanviewshcwrKjanc*erex 

Rg. 18 .sa sectional view along l-r for iDustrating an example of the emitting layer patterning method in the present 
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Fig. 19 is a sectional view along ll-ir for atuslraling an example of the emitting layer patterning method in the 
present invention (side view of Rg^ 18). 
Rg. 20 is a plan view showing an exanp^ 
s Fig. 21 is a sectional view along l-T for illustrating a method for forming the electron transport layer. 

Fig. 22 is a sectional view along l-T showing another example of the electron transport layer patterned in the 
present invention. 

Rg. 23 is a sectional view along IIMir of Rg. 4. 

Rg. 24 is a sectional view along Hl-lir showing a further other example of the shadow mask used in the present 
w invention. 

Rg. 25 fe a sectional view along l^ 
invention. 

Fig. 26 is a plan view showing a stffl further other ©ample of the shadow mask used in the present invention- 
Fig. 27fea sectional view along H* showing another example of the second electrode patterning method in the 
is present invention. 

Rg. 28 is a sectorial view along IHr for illustrating another example of the sec»rid electrode palterr^ rnethod n 
the present invention (side view of Rg. 27). 

Rg. 29 is a sectional view along Hl-lir shelving an example of the shadow mask with cushion portions used in the 
present invention. 

so Rg. 30 is a plan view showing the shadow mask for second electrode patterning used in Example 1 . 
Rg. 31 is a sectional view along M* of Rg. 30. 

Rg. 32 is a plan view showing the organic electroluminescent device produced in Example 1. 
Rg. 33 is a sectional view along M* of Rg. 32. 
Fig. 34 is a sectional view atong IMF of Rg. 32. 
25 ^ 35 fe a plan wew for illustrating 
in the examples. 

Rg. 36 is sectional views for illustrating the method for produtirxj the shadow 
used in the examples. 

Rg. 37 is a sectional view shewing an example of the conventional organic electroluminescent element. 



The Most Preferred Embodiments of the Invention 



[0019] The object described above can be achieved by the present invention d escribed below. 
[0020] The present invention is a method for producing an organic ele<^oluminescent device, which is provided with 
35 first electrodes formed on a substrate, a thin flm layer formed on the first electrode containing at least an emitting layer 
composed of an organic compound, and a plurality of second electnx^ 

of luminescent regions on said substrate, comprising the steps of forming spacers having a height at least partially 
exceeding the thickness of said thin «m byer, on the substrate, ar^ 

shadow mask having rerrrtordng Snes formed across its apertures is kept in contact with said spacers. 
[0021] Trwoi^ariicetectrolurrin 

electroluminescent elements on one substrate. The organic electroluminescent device produced accenting to the pro- 
d^xaion method of the present invention is descrft>ed below. However, the production method erf the preserrtinverrtion is 
nc4 limited to the organic electroluminescent devices cf in this specification, and can 

be appli ed to o rganic electroluminescent devices with desired structures irrespective of types such as segment type, 
passrve matnx type arid active matnx type 
and nrxDnochromatic type. 

[0022] An example of the organic electrolurninescent device produced accorolng to the production method of the 
present invention is shown in Figs. 1 to 3. First electrodes 2 formed in stripes on a substrate 1, a thin fHm layer 10 con- 
taining an emitting layer 6 composed of an organic compound patterned on the first electrode, and second electrodes 

so 8 formed in stripes in the direction perpendicular to the first electrodes are laminated on the substrate 1, to form a plu- 
rality of lurninescerrt regions with organic electroluminescent element structures at the intersections between both the 
first and second electrodes. Since the respective luminescent regions can emit Omit in red (R). green (G) and blue (B) 
by using different n^eriak for the emitting layer, the passive matrix type electroluminescert device can be driven line- 
scanningry to display an image, etc in color. Furthermore, on the substrate, spacers 4 with a height exceeding the thk*- 

55 ness of the thin film layer are formed. 

[0023] The first and second electrodes are only required to be electrically conductive to aBow sufficient supply of elec- 
tric current for luminescence of the organic electroluminescent elements, but it is preferable that at least either the first 
or second electrodes are transparent for taking out light 



4 



o 



EP 0M5 791 A1 



o 



P>024] If the transparent electrodes have a viable 6gtil transmittal of 

large problem, but it is ideally preferable tfiat the transrnittance is dose to 1 00%. BastcaOy rt is preferable that the elec- 
trodes have simitar tiarismrttance over the entire visHe tight range. If it is wished to change the turninescent color, the 
electrodes can also be made posting photoab6orbat& K this case, any color change method by use of a color «ter 
5 or interference finer is technically easy. The transparent electrode material often used is at least one element selected 
from trxSum, tin, gold, saver, zinc, alurrirrum. chromium, nickel, oxygen, nitrogen, hydrogen, a^o^ and carbon, but inor- 
ganic conductive materials such as copper kxfide and copper suffide and conductive polymers such as pcJythnphene, 
polypyrrole and poryanffine can also be used. The material used is not especially limited. 

[0025] deferable materials for the first electrodes include tin oxide, zinc oxide, irxfium oxide, indium tin oxide (1TO). 
io etatobefofrnedctfiatranspaiem 

erable to use ITO excellent in processabify for the first dectrrt 

smaB amount of a metal such as silver or gold Rrrthermore, fin. gold, saver, zinc, intiurn. ahmrtum, chromium and 
nickel can also be used as guide electrodes of ITO. Above all, chrornium is a preferable guide electrode material since 
it can have both the functions of black In view of the power con su ny fi on of the organic 

is electroluminescent a^vk^ H is preferable that the resistance 

function as first electrodes, but since an FTO substrate of about 10 Ofeq. can be easily suppfied at present, a low resist- 
ance material can also be used. The thickness of fTO can be selected as desired to suit the resistance vahie, but usu- 
ally, 100 to 300 nm thick ITO is often used. The material of the transparent substrate is not especially firnited. and a 
plastic sheet or f3m made of a rjolyacrytate, polycarbonate, polyester, polyimide or ararnid can be used. A preferable 

20 material is a glass sheet Soda time glass. no-a»<aJi glass, etc. can be used, and the thickness required is 0.5 mm or 
more since the thickness is only required to be enough to keep the mechanical strength. As for tie material of glass, 
since ft is better that the amount of ions cSssorved from the glass is smaller, no-alkali glass is preferable, but the mar- 
ket ed soda forte glass coat ed wrft etc. as a barrier can ateo be used. The method for forming ITO is not 
especially Brnrted, and can be selected from electron beam evaporation, sputtering evaporation, chemical reaction, etc. 

25 [0026] The second electrode material is not especially Brnrted either. When ITO is used as the first electrodes, the 
second electrodes are required to function as cathodes to aflow efficient injection of electrons into the organic electro- 
luminescent elements since ITO furxrtonsge^ 

function metal such as an alkafi metal can also be used, but axisidering the stabrJrty of electrodes, "rt is preferable to use 
a metal such as platinum, gold, silver, copper, iron, tin. aluminum, magnesium or indium, efe, or an alloy consisting of 
30 any of these metals and a low work function metaL Furthermore, stable electrodes can also be obtained with a nigh 
electron injection effidency kept by doping a slig^anioum 
electroluminescent efterrt^^ 

hand, and subsequently forming second electrodes of a relatively stable metaL The method for forming the second 
electrodes is not especially limited either as far as it is a dry process such as resistance heating evaporation, electron 

35 beam evaporation, sputtering evaporation or ion plating. 

[0027] The thin film layer contained In the organic electrolurninescent elements can be any of 1) hole transport 
layer/emitting layer. 2) hole transport layer/erratting layer/electron transport layer. 3) emitting layer/electron transport 
layer and 4) a emitting layer with the above layer constituting materials mixed in a layer. That is, as far as an emitting 
layer composed of an organic compound existe as an element conponent am 

40 the above 1) to 3) or a one emitting layer containing lurrmescent materials alone or luminescent materials, hole trans- 
port materia) and eiecfron transport ma teri al as in 4) can be used. 

[0028] The hole transport layer is formed by a hole transport materia) alone or a hole transport material and a high 
molecular binder. Preferable hole transport materials include low molecular compounds, for example, tripherrytamines 
such as N,rr<pphe*wU4.r^^ (TPD) and N,N^tfpheriyU4,tf^^ 

45 1,1'K^prienyM,4'Kfiarnine (NPD). heterocyclic compounds such as ttisopropytcarbazote, pyrazoiine derivatives, styl- 
bene compounds, hydrazone compounds, axadiazole derivatives and phtrtalocyanine derivatives, and polymers such 
as polycarbonates with any rfsakl 
and potysilanes. 

[0029] In the application as a passive matrix type dectroturninescent device, the respective organic electrolurranes- 
so cent elements are short in luminescent time, and it is required to emit light at a high turninance rromentaray by feeding 
pulse currents. In this case, the hole transport material is required to have not only excellent hole transportabaity and 
stable film tbrmabilrty. but also good electron blocking property for preventing the decline of rurrtinescence efficiency 
caused by the leak of electrons in the hole transport layer. To satisfy the above properties in good balance, in the pro- 
duction method of the present invention, it is especially preferable to contain a step of forming an organic layer of an 
55 organic compound containing the biscarbazotyl structure shown below. 
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[0030] where R and R are selected from r^lrogen aton^ afeyl 

and cydoalkyl groups. Furthermore, the carbazolyl structure can be connected vafh one or more substituent groups 
selected from alkyl groups, aryl groups, aralkyt groups, carbazolyl group, substituted carbazoryl groups, halogen atoms, 
ajkoxy groups, dteikylamino gnxjps arid tnalkyls3yl groups. 
[0031] Preferable lurrtrtescert materiate 

derivatives. derivatives, bisstyrytanthracene derivatives, tetrapheny&Mitadiene derivatives, 

cumarine derivatives, oxacfiazole derivatives, rfstyrytoenzene derivatives, pyrroJopyricSne derivatives, perinone deriva- 
tives, cyctopentacfiene derivatives, oxacSazole derivatives and thiacfiazolopyrkfine derivatives respectively convention- 
ally known as Bght emitters, and polymers such as polyphenylenevmylene derivatives, polyparaphenylene derivatives 
and polytruophene derivatives. Preferable dopants to be doped into the emitting layer include rubrene, o^inacridone 
derivatives, phenoxazone derivatives. DCM. perinone derivatives, perylene derivatives, cumarine derivatives and dia- 
zaindacene derivatives, etc 

[00321 It is preferable that the electron transport material has large electron affinity, large electron mobility and stable 
thin fflm forrnabflrty. since it is required to effictentry transport the electrons injected from cathodes. Preferable materials 
satisfying these properties include 84iyoVoxyo^ir>or)ealunwujm derivatives, hydraxybenzoquirioneb derivatives, 
axaaaazote derivatives such as 2<4&vhen)flW (t-BuPBD). 1.34)is(4^43utylpheriy». 

1 A4^xaolzolyl)bipheriylTO (OXT>1) and 1 ,34*s{iM-butylphenyl-1 ,3.4Kwadizolyl)phenylene (OXD-7). triazde deriva- 
tives, phenanthrotine derivatives, etc. 

[0033] The materials used for the hole transport layer, emitting lay^ 

gly form the respective layers, but can also be Dispersed into arry r^ molecular binder, for example, a solvent soluble 
resin such as pofyvir^ 

friethacrytete. polyester. poJysutfone. poryphenylene oxide, polybutadiene. hydrocarbon resin, ketone resin, phenaxy 
resin. polysuHone, poryamide, ethyl cellulose, vinyl acetate, ABS resin or polyurethane resin, or a setting resin such as 
phenol resin, xylene resin, petroleum resin, urea resin, melamine resin, unsaturated polyester resin, alkyd resin, epoxy 
resin or silicone resin. 

[0034] The methods tor forming the hole transport layer, errutting 

limited and can be resistance heating evaporation, electron beam evaporation, sputtering evaporation, etc. However, 
generally such methods as resistance heating evaporation arid electron beam evaporation are preferable In view of 
properties. The thicknesses of the organic layers cannot be Gmrted since they relate to resistance values, but are prac- 
ticaHy selected in a range of 10 to 1000 nm. 

[0035] Furthermore, the hole transport layer and the electron transport layer can also be wholly or partially made of 
an inorganic material. Preferable materials include inorganic semiconductive materials such as silicon carbide, gallium 
nitride, zinc selenkJe and zinc suffide. 

[0036] The production method of the present invention comprises the steps of forming spacers having a height at 
least partially exceeding the thickness of said thin film layer, and vapor-depositing a material for patterning while a 
shadow mask having reinforcing lines formed across its apertures is kept in contact with said spacers. For example, as 
shown in Fig. 3 which is a cross sectional view along ll-ir of Fig. 1 . spacers 4 having a height exceeding the thickness 
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of a thin ffim layer 1 0 are formed on a substrate 1 . After forming the thin f 3m layer, eta. a shadow mask having reinforc- 
ing fines 33 as shown ~m Fig. 4 and Rg. 5 which is a sectoral view along Wot Rg. 4 b kept in contact writhe spacers, 
while a deposit is deposited far patterning second electrodes 8 as shown in H 
6. In this case, since the shadow mask is kept n contact with the spacer 
5 ftawecL Furthenwe, of the shadow mask and 

trie reinforcing tine^ trie dep^ 

out cfivx&xj the second electrodes by the reinforcing fines. In reference to this method for producing an organic electro- 
luminescent device, the present invention is descrtoed below in detafl. 

[0037] At first first electrodes 2 on a substrate 1 are patterned in form as shown in Fig. 8. The patterning method can 
10 be any publicly known technique, and is not especially limited. Therefore, the first etectraJes can also b^ 

substrate by a patterning method of ustrig a shadow inask having rei 

eral. the fust electrode layer fcrrrted on the entire surface c* a su^ 

The pattern of the first electrodes is no^ 

can be selected. Furthermore, the patterning of fi^ 
is fir6t electrode is used as a ccmnrm 

trades is not required. 

[0038] Ther\ as shown fo Fig. 9. spacers 4 wto 

be positioned between the secc^ electrodes to be fonned later. In the product niettodctfte 
necessary to form spacers with a height at least parfiaOy exceeding tfie thickre 

20 for preventing that the shadow mask flaws the thm film layer formed on fee substrate when the substrate and the 
shadow mask are kept in contact with each other. The height of the spacers is not espedaBy Brnfied. but considering 
the decline of pattern accuracy caused by the deposit straying into the de 
the substrate by the spacers, the height is usually in a range from 0.5 to 100 jmn. 
[0039] The positions where the spacers are fcroed are nrt especially Bnrted, 

25 : niamty in the non~turo emitting 
area. The spacers are not especially fimited in structure and can be formed by one layer or a pturafity of layers. For 
example, as shown in Figs. 10 to 12, relatively thin first spacers 3 can be formed between the first electrodes 2, and 
second spacers 4 with a height exceeding the thickness of the thm film layer can be formed between the second elec- 
trodes 8 in the direction perpendicular to the first electrodes 2. Furthermore, the first spacers 3 can be formed so that 

30 they cover the ends of the first electrodes, to function as an inter-tayer insulation layer, as shown in Figs. 13 to 15. As a 
further other method, the first spacers can be formed as a matrix, and the second spacers 4 can be formed to partialy 
overlap the first spacers. As a stffl further other method, a plurality of dot spacers can be arranged on the substrate. The 
spacers are not espectaRy limited in sectional form. 
[0040] Since the spacers are niostly formed in contact withthe fvst eJe^ 

as electric insulation performance. Conducive spacers can also be used, but in this case, electrically insulating portions 
are required to be formed tor preventing the shon^arcuiSng between eJectrodes^ 
rials can be used. Inorgank; materials which can be 

icon oxide, glass materials, ceramic materials, etc., and organic materials which can be used Include polymer resins 
such as polyvinyl resins, polyimide resins, polystyrene resins, acrylic resins, novoiak resins and sfficone resins. Further- 

40 more, if the spacers are biackened wttolly or at the portions m co 

can have a black matrix function contrftxrting to the rrprcvernent of cSspJay contrast Spacer materials which can be 
preferably used in this case include inorganic materials such as silicon, gallium arsenide, manganese dioxide, titanium 
oxide and a laminate film of chromium oxide and metal chromium, and organic materials such as mixtures obtained by 
adcfeig any of pigments and dyes ba 

45 plexsatttypemofK>azo,tr^ 

ance, or any of powders of said inorganic materials, to any of said resins. 

[0041] The methcd for for rning trie spa frruted. art canbeadryprcresss 

heating evaporation, electron beam evaporation or sputtering evaporation when an inorganic material is used, or can 

be a wet process such as spin coating, sfit cfie coating or dp coating when an organfon^e 

so taming method is not especially limited, but in view of process, 

[0042] ft is easy to form a spacer layer on the entire surface of the substrate after patterning the first electrodes, and 
then to use a pubBcty known ptotoliftogjaphic method for patter ning. The spacers can also be patterned by etching or 
rifting off using a photoresist Furthermore, a photosensrtrve spacer material obtained by inaking any 
tosensrtrve can be used to directly expose and develop the spacer layer for pattemn^ 

55 [0043] The method for forming the thin film layer is descrtoed below. A^ 

substrate with spacers formed on it as shown In Fig. 9. In this case, it is only required to vapor-deposit a hole transport 
material 11 in the entire area where luminescent regions exist as shown in Fig. 16. 

[0044] The emitting layer is patterned as described below. The shadow mask used is shown in Fig. 17. The mask 
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portion 31 has apertures 32 formed to correspond to the respective luminescent regions of the emitting layer, and to 
prevent the deformation of the apertures, reinforcing tines 33 are formed on the same plane as the mask portion, to 
cross the apertures for preventing the deformation of the apertures. Furthermore, the shadow mask is fixed on a frame 
34 to atiow easy hancftng. Then as shown to Fig. 18 and Ftp- 19 which is a side view of Rg. 18. the shadow mask is 
brought into contact with the spacers 4. white relatively posaioning the first electrodes 2 and the apertures 32 to ensure 
that the spacers 4 overfie on the reinforcing lines 33. That is, the reinforcing tines are kept in contact with the spacers. 
If a luminescent material 12 is vapor-deposited in this state* a emitting layer 6 (B regions of the emitting layer, in this 
case) is formed on desired regions. This action is repeated tivee times. Ice patterning tte 
of the fommeecence layer 6 the first electrodes as shc^ 

ting layer is hot timited to the mask shown in Fig. 17. For example, the shadow mask used for patterning the second 
electrodes shown in Fig. 4. etc. can also be used tor patterning. 

[0045] Since the shadow mask contacts the spacers without flawing the thin fim layer, it does not happen that the 
properties of the organic dectrcJurrwiescent elements are degraded, and furthermore, the substrate and the shadow 
mask can be easdy relatively positioned. 

[0046] The emitting layer can be patterned by using shadow masks as many as the number of colors of the emitting 
layer, but when the same lunriinescence pattern^ 
respective color regions of the emitting layer can be pattern 
the substrate. 

[0047] The shadow mask is not especiaty it is preferable trial the reirr^ 

arranged at the apertures to ensure t^ 
thickness of the thin fto layer for a 
[0048] The reinforcing tines are not e^ 

width of toe portions where no emitting layer exists, i.e. the non-tominescent regions to the organic electroluminescent 
device Therefore, it is preferable that the width of reinforcing fines is smaBer than 50 urn. Smaller than 30 jim is more 
preferable. In view of the form integrity of the shadow mask, it is desirable that the thickness of the mask portion is 
larger, but to keep the width of reinfcrahgfirtessrr^ 
less than about 3 times the width of reinforcing tines 

[0049] The plane sizes of the first electrodes and the luminescent regions of the emitting layer are not especially lim- 
ited, but for decreasing the possibility of the shcrtaircuiting between toe first electrodes and toe second electrodes, it is 
preferable that toe luminescent regions of the emitting layer are larger than the exposed portions of the first electrodes 
corresporxting to the respective luminescent regions. In the passive matrix type electroluminescent device shown to 
Figs. 1 to 3. the practical typical crosswise pitch of respective lurninescent regions can be, for example. 100 um. In this 
case. H the width of each first electrode is 70 pm, it is preferable to set the widths of each luminescent region of the emft- 
ting layer and each aperture at values close to 1 00 um equal to the pitch, to ensure that the widths of the luminescent 
region and the aperture are larger toan the width of toe first electrode and that the luminescent region and the aperture 
do not overlap the adjacent first electrodes. 
[0050] To produce a morochr CHTTatx; el 

this case, as in the method shown in Rg. 16, the emitting layer can be formed by depositing a luminescent material to 
the entire area where the luminescent regions exist 

[0051] For the electron transport layer, an electron transport material 13 is deposited on the entire area where toe 
luminescent regions exist to form the electron transport layer 7. as shown in Fig. 21. Furtriermore, if an electron trans- 
port rnaterial is c^cosited continuously to toe emitting layer shown to Rgs. 18 and 19. the electron 
transport layer 7 can ateo be patterned to correspond to the respective R. G and B regions of the emitting layer 6 as 
shown in Fig. 22. The metood for forming the electron transport layer is not espectaSy timited. However, even ft any 
region where no emitting layer exists on any first electrode for example since a foreign matter is deposited on toe 
shadow mask, toe electron transport materia] deposited on the entire area allows the region to be covered with an elec- 
tron transport layer, for effectively preventing that the organic electroluminescent element from being greatly degraded 
in properties. So. it is preferable to form the electron transport layer by the former method In this case, to prevent the 
change of luminescent colors due to the migration of energy from toe emitting layer to toe electron transport layer, it is 
preferable to use an electron transport material with a luminescence energy equivalent to or larger than the largest lumi- 
nescence energy among those of the respective color regions of the emitting layer. That is, in the structure of the elec- 
trrturranescent device shown in rlg^ 21. it is preferable to use an electron transp 

equivalent to or larger than that of the B regions of the emitting layer, for forming the electron transport layer 7. 
[00S2] The above step of forming the hole transport layer or electron transport layer can be omitted, depending on 
the structure of the thin f3m layer contained in the organic electrcJurntoescent element 

[0053] The method for patterning the second electrodes is descrtoed below. The shadow mask used is shown in Rgs. 
4 and 5. The mask portion 3 1 is provided with apertures 32 formed to correspond to the second electrodes, and to pre- 
vent toe deformation of the apertures, reinforcing lines 33 exist across the apertures. Furthermore, between one face 
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35 of the mask portion and the reinforcing fines, a clearance 36 exists. Moreover, the shadow mask is fixed on a frame 
34 to allow easy handling. Then, the shadow mask is brought into contact wfth the spacers 4 by positioning to ensure 
that the spacers 4 overfie on the mask portion 31. If a second electrode material 14 is vapor Kieposrted in this slate, the 
second electrodes 8 are formed at desired regions. The second electrode material frying from the reinforcing fines 33 
goes into the portions behind the reinforcing fines because rfte 
electrodes are dvided by tfie reinforcing fines. 

[0054] Since the shadow mask contacts the spacers, without flawing the thin tUm layer, the properties of the organic 
electroluminescent elements are not degraded, and the substrate and the shadow mask can be easOy relatively posi- 
tioned. 

[00551 tt is preferable to pattern the secorid electrodes by o^ 
the rwrrt>er of steps is ric* especial 
osftfon steps by using a pluralfty of shad^ 
tion. 

£00561 "Hie vapor depaalfon conc5tfons 

from one evaporation soiircecanbeactopted.buttomakethesea 

Kries, ft is effectrve to evaprjrate the 

forcing lines, for ensurmg that the second electrooe niateriaJ g^ 
e«ect, wtmna^hipji v^^ 

more evaporation sources to the substrate is useo\ ft is preferable in view of pr^ 

material from a plurality of evapcfatfon sources or to nioved^ 

sources for depositing the second electron material. Rjt^^ 

tion is preferable since the second electate material is 

ejections; 

[00571 ^positional relation between the spacers and toe mask porim of tte 
However, it is preferable that the high portions of the spacers exceeding 

the mask portion of the shadow mask, i.e^ between the second electrodes as shown in Fig. 7. for such reasons that 
since the clearance between the substrate and the remforcing Grtes beco^ 
electrode materia) going behind tire ranforcing fines irmea^ 

less rough regions of the substrate, for inhibiting the increase of the electric resistance of the second electrodes, and 

that depending on conditions, since the thin f3m layer is perfrectly covered by the first electrodes or substrate, spacers 

and second electrodes, the aggradation o* the properties of tte 

Irabu i of water into the thin film layer, etc. can be inhabited. 

[00581 The shadow mask used for patterning the second electro^ 

Rg. 23, and for example, the reinforcing fines can also be arranged to form meshes, Furthemwre. as stown in the sec- 
tional view of Fig. 24. the mask portion 31 may be tapered, or as shown in the sectional view of Fig. 25. the reinforcing 
fines 33 can also be structurally integrated with the mask portion 31. 
[0059] The thickness of the mask portion is m* especially Ibwted sirm 

portion and the reinforcing lines becomes larger when me toickness is larger, the amount of the deposit which goes 
behind the reinforcing lines increases. However, since it is difficult to accurately produce a shadow mask with a large 
thickness compared to the width of the mask portion, ft is preferaU^ 
equal to the minimum width of the mask pcirtion to less than about tfree time& ^ 

fordn 9 Fines is less than the height of the clearance since thinner reinforcing lines allows more of the deposit to go 
behind the reinforcir^ ft fepreferabte that the number of rei fines is as smafl as posstole wfthin a 

range to sufficiently prevent the deformation of apertures, for lessening the portions remaining behind the reinforcing 
lines. 

[0060] As required, after the secorrf ele<drcde patterning step, a passrvation layer can be formed or ti^ 

regions can be sealed by using a publicly known technique or the patterning technique in the production method of the 

present invention. 

[0061] It is preferable to pattern at least either the emitting layer or the second electrodes of the organic electrolumi- 
nescent device in the rjroductfon method of the present invention, but the present invention does not limit the structure 
of toe shadow mask used for patterning. Therefore, for example, a shadow mask with a structure shown in Rg. 4 in 
which the reinforcing fines do not contact the spacers can be used to pattern the emitting layer whfle the second eJec- 
trodes are patterned by a pubfidy known technique. Furthermore, a shadow mask in which the reinforcing fines 33 and 
the mask portion 31 are formed on the same plane as shown in Fig. 26 can also be used, and as shown to Rg. 27 and 
Rg. 28 which is a side view of Rg. 27, the spacers 4 can be formed to be relatively higher, to pattern the second elec- 
trodes 8 by iismg the dearam» 36 formed between the reinforcing fines 33 and the thin «m layer 10. 
[0062] The preferable materials which can be used for the shadow mask include, though not fimfted to, metals such 
as stainless steel, copper alloys, nickel aOoys and aluminum alloys, and photosensitive resins prepared by making pho- 
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tosensitive pubfidy know resins such as polyvinyl resins, polyimide resins, polystyrene resins, acryfic resins, novolak 
resins and sfficone resins. The material of the mask portion off the shadow m^ 

material of the reinforcing Bnes. Furthermore, if relatively highly flexible cushion portions 37 made of any of said resins 

are formed on the shadow mask on Ihe side kept in contact with fre^s^^ 

the damage to the spacers and the thin fBm layer when both are kept fo contact wtt) 

[00631 tatteproductfon method of to 

rial as at least either tie mask portion or the reinforcing firies. to be kept in contact 
In this case, the substrate can be more untorrrtyand reiabry keptincco^ 
teming accuracy. The method for fixmg the relative position of the 

the method for supporting the weight of the shadow mask are not especially limited, and either magnetic force or 
mechanical method can be used. 

10064] The preferable magnetic materials whfch can be t£ed as at least either m^ 

incfode metals such as iron afioys. cobaJt alloys and nickel alloys, magnetic materials such as carbon steel, tungsten 
steel, chromium steel, cobalt steel. KS steel. MK steel. Alreco steel NKS steel, Cunico steel. OP ferrite and Ba ferrde. 
rare earth element magnetic inafteriais such as Sm4k> b^ 

such as silicon steel sheet. Al-Fe afloy. Mn-Zn ferrite, Ni-Zn ferrite and Cu-Zn ferrite, and dust core materials produced 
by corrpressitfeiy molding a fme powder of carter^ rori. Mo PermaBoy v 
ble to prepare the shadow mask from a m 

sheet of a mixture consisting of a rubber or resin and a powder of any of said magnetic materials. Furthermore, as 
recuired, the shadow mask can also be produced from an already magnetized material, or a shadow mask produced 
can also be magnetized. 

[00651 As for the method for keeping the shadow mask in contact with the spacers by magnetic force, it is preferable 
to attract the shadow mask made by using a magnetic material as at least either the mask portion or trie reinforcing 
lines, by a magnet located on the back side of the substrate of the organic electroluminescent device. However, since 
it is cr^recpared that the shadow mask and one or r«xe other objects attract eac^ 

is not fimited to fre above. For example; a shadow mask functioning as a magnet and a substrate made of a magnetic 
material can be combined to let attractive force act between thern. for irnpra 

[0066] The magnet can be any publicly known permanent magnet or electromagnet It is not especially limited in form 
or size. Furthermore, wrtfle the shadow mask can be attracted using one magnet a plurality of magn et s can be bonded 
together cranartgeclsidety The distance between the magnet 

and the shadow mask and the magnhude of the magnetic force acting between both are not especially limited as for as 
a sufficient magnetic force acts on trie shadow mask. 

[0067] The method for producing the shadow mask is not especially limited, and any of mechanical grinding, sand 
Wasting, sintering, laser processing, etc can be used. However, the use of etching, electroforming or pbotolisography 
excellent in processing accuracy is preferable. Above aH. electroforrning is an especially preferable shadow mask pro- 
ducing method since the mask portion can be formed to be thick relatively easily. 
10068] fo the production of trie shadow mask 

but the shadow mask can abo be produced by forming the mask portion and the reinforcing Ones respectively sepa- 
rately and overlapping them for comect^ In this case, both can be connected by arw niethod such as bontfng, ^ 
sure bonding or wetdffig, or if either of them is electrically conductive, they can be connected by electmdeposftion. That 
is. the mask portion and the reinforcing fines kept in contact with each other are immersed in an electrolyte and ener- 
gized to precipitate an electrodeposd at the contact portions between them, for connecting them. In general, as the 
electrodeposft. a metal such as nickel is selected, but an organic material such as poiyanitine can also be used. The 
shadow mask can also be procbee^ 
ing the photosensitive resin layer by phototithography. 
[0069] ft is preferable that the shadow rnas^ 

to be uniformly kept in contact with tie spacers on trte entire sunace of the sub^ 
with a fine and highly precise pattern is rtot so strong, H often occurs that the sh^ 

the production of the shadow mask. In this case, the flatness of the shadow mask can be improved by using such a 
method as annealing. Furthermore, in view of handling convenience, the shadow mask is often fixed on a frame when 
used, and in this case, its flatness can be improved by fixing the shadow mask on the frame whae tensioning or heating 
it 

[0070] Moreover, as described before, it is basicaity preferable that th^ reinforcing Gnes is smaller, but the 

handling of the shadow mask during the productfon of the shadow rna^ 

mask having reinforcing lines which has a relatively forger width can be produced, to narrow the reinforcing lines to a 
desired width later. In view of process, the line narrowing by etching is easy, but the method of Bne narrowing is not 
especially nmrtecL Any proper method can be used to suit the material of the shadow mask. 
[0071] The present invention is described below based on examples. 
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Reference Example 

IQ07Z] The methods for producing the shadow masks used in the following examples are described below. 
19073] The method for producing the shadow mask tor the emitting layer is described below. At first Ni-Co alloy was 
precipitated on a mother substrate by electroforining, to form a sheet with a margin of meshes 38 connected around a 
mask portion 31 as shown in Ftg. 35. Then, whBe foe sheet was tensioned by using the margin of meshes, the mask 
portion was overlaid on a frame, and both were fastened using an adhesive. Finally, the margin of meshes extending 
beyond the frame was cut off, to produce a shadow mask with high flatness for the emitting layer. 
[0074] The method for producing the shadow mask for the second electrodes is described below in reference to Rg. 
36. Beforehand. Ni had been precipitated on a mother substrate by etectrofonning. to form retnlucuty Bnes of meshes. 
At first (a) on the mother substrate 21 with a pattern of photoresist 20. (b) NhCo alloy was precipitated to form a mask 
portion 31. and then (c) the photoresist only was removed. Subsequently (d) reinforcing fries 33 were overlapped on 
Ihe mask portion with tension 22 applied to the reinforcing fines, 

by electnxJeposi&oa to conned (e) wrfo foe tension kept foe coiinected m 

ing fines were removed, and (f) and the mask portion was overlaid on a frame 34. both being fixed using an adhesive. 
Finally, the portions of the reinforcing Bnes extending beyond the frame were cut to produce a shadow rrask with 
higji flatness for the second electrodes. 

Example 1 

10075] Shadow masks with a structure in which the mask portion and the reinforcing lines were formed on the same 
plane as shown in Fig. 17 were prepared for pattern ngtte 120 x 84 mm 

in outside form and 25 pm in the thickness of foe mask portion 31 . and had ninety two 64 mm long 305 pm wide aper- 
tures 32 formed in stripes at a pitch of 900 pm in foe crosswise directfon. At to 

and 25 pm thick reinforcing Ikies 33 across the aperhres were formed at 1.8 rn^ Furthermore, the shadow 

mask was fixed on a 4 mm wide stainless steel frame 34 equal in outside form to the shadow mask. 
[0070] A shadow mask wifo a structure mwhx^ 

31 and reinforcing fines 33 as shown in Figs. 30 and 31 was prepared for patterning the second electrodes. The shadow 
mask was 120 xB4 mm in outside form and 170pmm 

and 770 pm wide apertures 32 formed in stripes at a pitch of 900 pm in the crosswise direction. On the mask portion. 
45 pm wide and 40 pm thick reinforcing lines with a distance of 200 pm between respective opposite two sides were 
formed to form regular hexagonal meshes. The height of foe clearance was 170 pm. being equal to the foickness of the 
mask portion. The&haxfowrraskwasffredona4mm steel frame 34 equal bi outside form to the shadow 

mask. 

[0077] The first eJectnxies were patterned es desert 

nOeiectnxiefomiedc^thesuriaceof a 1.1 mm thick no-aB<afi glass substrate by sputtering evaporation (produced by 
Diomateck) was cut at a size of 120 x 100 mm. Tne no substrate was coated with a photoresist which was exposed 
and developed to be patterned by ordinary prvrtrtrrhooraphy. The unnecessary portions of lip were etched, and the 
photoresist was removed, to pattern ITO in 90 mm long and 270 pm wide stripes. As shown in Fig. 8. 272 first electrodes 
2 were formed in stripes at a pitch of 300 pm in the crosswise oSrection. 
[0078] The spacers were formed as described below. Said fTO substrate was ccated wim a 

sensitive coaling material (UR-3100 produced by Toray Industries. Inc.) by spin coating, and pre-baked at 80°C for 1 
hour in nitrogen atrnosphere in a dean oven. Furthermore, the coating fim was exposed to ultraviolet fight through a 
photo mask, to be photoset in the desired portions, and de^ 

tries, Inc.). Finally, the patterned coating fBm was baked at 180°C for 30 minutes, and then at 250°C for 30 minutes in 
a dean oven, to form spacers 4 in the direction perpendicular to foe first electrodes as shown in Figs. 1 to 3. The trans- 
parent spacers had a length of 90 mm. width of 150 pm and height of 4 pm. and 67 spacers were arranged at a pitch 
of 900 pm in foe crosswise direction. The spacers also had good electric insulation performance. 
[0079] The rfO substrate wrfo foe spacers formed w 

for the emitting layer and one shadow mask for the second electrodes respectively produced as described above were 
set in foe vacuum evaporator. In the vacuum evaporator, the four shadow masks could be exchanged to be positioned 
wrfo foe substrate in vacuum at an accuracy of about 10 urn. 

[0080] The thin fftm layer was formed as described below by vacuum deposition based on resistance wire heating. 
The degree of vacuum during vapor deposition was 2 x 1 0~ 4 Pa or less, and during vapor deposition, the substrate was 
rotated against the evaporation source. 

[0081] At first, in the arrangement as shown in Fig. 16. copper phthalocyanine was vapor-deposited by 20 nm and 
bis(N-ethylcafbazole) was vapor-deposfted by 200 nm on the entire surface of the substrate . to form a hde transport 
layer 5. 
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[0082] Then, a first shadow mask for the emrtting layer was arranged before the substrate, and both were kept in con- 
tact with each other. Behind the substrate a ferrfte magnetic shefl (YBM-1B produced by ff-Bachi Metals, Ud.) was 
arranged. In this case, as shown in Figs. 18 and 19, the first electrodes 2 formed in stripes were located at toe centers 
of the apertures 32 formed in stripes in the shadow nask. 

tion and were kept in contact with the spacers by positioning both the shadow mask and the substrate. In this state, 8- 
hydraxyquiriofine-alu^ complex (Akfe) was vapor-deposited by 30 nm, to pattern the G regions of the eniUiny 
layer. Subsequently, the R regions of the emitting layer were patterned as described for patterning the G regions of the 
emrt&ng layer by using a second shadow mask for the emitting layer and vapor-depositing Akfe with 1 wt% of ^idky- 
ariomethyiene)-2-metriyl-^^ (DCM) doped by 30 nm . A third shadow mask for the 

emitting layer was not used in this example, since the B regions of the emitting layer were not patterned 
[00831 Rirthermore, in the arrangement as shown in Rg. 21. 4.4*4>is(2.2 , <ijphenyrvrr^^ (DPVBi) was depos- 

ited by 90 nm and Akb was deposited by 30 nm on the entire surface of the substrate, to form an electron transport 
layer 7 to be also used as the B regions of the emitting layer. Then, the thin fBm layer was exposed to fithtum vapor for 
doping (0-5 nm as fflm thickness). 

[0084] The second electrodes were formed as descnbed below by vacuum vapw 
heating. During vapor deposffion, the degreeof vacuum was 3x10^ Packless, and 
two evaporation sources. 

[0085] As described for patterning the emitting layer, the shadow mask for the second electrodes was arranged before 
the substrate, and a magnet was arranged behind the substrate. In this case, the shadow mask and the substrate were 
posrSoried to let the spacers 4 ag/eewto in position as shown in Rg. 7. In fris state, aluminum was 

vapor-deposited by a thickness of 400 nm, to pattern the second electrodes 8. 

[0086] RnaBy in the arrangement as shown in Fig. 21, silicon monoxide was deposited on the entire surface of the 
substrate by 200 nm by electron beam evaporation, to form a passivation layer. 
[0087] As descrt>edarjcAre. as typical^ 

was produced, in which the thin fBm layer 10 containing the R and G regions of the emitting layer 6 and the electron 
transport layer 7 also used as the B regions of the emitting layer was formed by patterning on two hundred and seventy 
two 270 |im wide ITO first electrodes 2 formed in stripes at a pitch of 300 um, and in which sixty six 750 urn second 
electrodes 8 were formed in stripes Since three 

luminescent regions of R. G and B regions form one pixel, the elecboforrenescent device had 90 x 66 pixels at a pitch 
of 900 pm. 

[0088] In this electrohinranescefTt device, the electron transport layer was formed on the entire surface of the substrate 
as shown in Rg. 33, in a structure to simplify the patterning steps and having an effect to prevent the degradation of 
properties of the electroluminescent device as described already. Furthermore, since three luminescent regions of 
three R, G and B colors were formed by two emitting foyer patterning steps, the structure allowed the number of pat- 
terning steps to be decreased. 

[0089] The respective second electrodes formed in stripes were not divided by the reinforcing (foes of the shadow 
mask, and were sufficiently low in electric resistance in the longitudmal direction over 100 mm On the other hand, the 
respectively adjacent second electrodes in the crosswise Direction were not shortdrcuited at alt, being perfectly insu- 
lated from each other. 

[0090] The luminescent regions of the electrcfominescent device emitted light in respectively independent colors of 
R. G and B uniformly in sizes of 270 x 750 um. Furthermore, the decline of emitted light purity of the luminescent 
regions due to the straying of Ihe luminescent materials during the patterning of the emitting layer was not observed. 
[0091] Furthermore, when the electroluminescent device was driven frie-scannfogry by a tine-scanning drive circuit 
capable of c5scharging the charges accumulated in the circuit when the scanning line was selectively changed, clear 
patterns could be displayed in multicolor. 

Example 2 

[0092] The process tjB the formation of the hole transport layer was the same as described for Example 1. 
[0093] Then, a first shadow mask for the emitting layer was arranged before the substrate, and they were kept in con- 
tact with each other. Behind the substrate, a ferrite magnetic shell (YMB-1B produced by Hitachi Metals, Ltd.) was 
arranged. In this case, as shown in Figs. 18 and 19. the shadow mask and the substrate were positioned to ensure that 
the first electrodes 2 formed in stripes were located at the centers of the apertures 32 formed in stripes in the shadow 
mask, and that the reinforcing lines 33 agreed with the spacers 4 in position and were kept in contact wtth the spacers. 
In this state. Akfe was vapor-deposited by 30 nm, to pattern the G regions of the emitting layer. Then, as described for 
patterning the G regions of the emitting layer, a second shadow mask for the emitting foyer was used to deposit Akfe 
with 1 wt% of DCM doped by 40 nm, for patterning the R regions of the emitting layer. Furthermore, similarly, a third 
shadow mask for the emitting layer was used to deposit DPVBi by 30 nm, tor patterning the B regions of the emitting 
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layer. 

[0094] The respective regions of the emitting layer were arranged for every three first electrodes 2 formed in stripes 
as shown in Rg. 20, to perfectly cover the exposed portions of the first electrodes. 

[0095] Furthermore, in foe arrangement shown in Rg. &1, DPVBi was deposited by 90 nm and Akfc was deposited 
5 by 30 nm on the entire surface of the substrate, to form an electron transport layer 7. Then, the thin film layer 10 was 
exposed to lithium vapor, for doping (0.5 nm as the fgm thicknes s) . 

[0096] Subsequently, the second electrodes were patterned and a passivation layer was formed as described for 
Example 1. 

[0097] As described above, as typically shown in Rgs. 1 to 3. a passive matrix type color electroluminescent device 
10 was produced, in which the thin trim layer 10 containing the patterned R. G and B regions of the emitting layer 6 was 
formed on two hundred and seventy two 270 um wide TK> first electrodes fomied in str^ 

which sixty six 750 um wide second electrodes 8 were formed in stripes at a pitch of 900 um in the c£rectic*t perperxfic- 
utar to the first electrodes. Since three luminescent regions of R.Gaj«J B form o 
had 90 x 66 pixels at a pAch of 900 |im. 
is [0098] m the electroluminescent device, as shown in Rg. 2, the electron transport layer was formed on the entire sur- 
face of the substrate in a structure to simplify the patterning steps and having an effect to prevent the degradation of 
properties of the electrotumtnescert device alrea 

[0099] The second electrodes formed in stripes were sufficiently low in electric resistance in the longitudinal direction 
as in Example 1 , and perfectfy free from srxxtcircurting. 
20 [0100] The luminescent regions of the produced electroluminescent device lurntnescentted light in respectively inde- 
pendent R, G and B colors in sizes of 270 x 750 urn. Furthermore, the decfine in the luminescentted fight color purity of 
the luminescent regions due to the straying of the luminescent materials during patterning of the emitting layer was not 
observed. 

[0101] As described for Example 1. the electroluminescent device was driven tine-scanningry, and clear patterns 
25 could be displayed in multicolor. 

Example 3 

[0102] As described for Bcamplel.tfieiTO was patterned as first electrodes in 90 mm lorig arx3 280 u^ 
30 and the photoresist was removed. As described for Exarnpte 1, 272 first electrodes were forrned 
strate at a pitch of 300 urn in the crosswise Direction. 

[0103] The spacers were formed as described below. Gftycidyl methacrytate was added to a copolymer consisting of 
40% of rrterhacrySc acid, 30% of methyl methacrylate and 30% of styrene by 0.4 equivalent for each equivalent of the 
carboxyl groups of the copolymer for reaction, to obtain an acrylic copotyrrterwr^ 

35 rated groups as side chains. Two hundred parts by weight of cyctohexane were added to 50 parts by weight of the 
acrylic copolymer, 20 parts of a bifunctional urethane acrylate oligomer (UX-4101 produced by Is^ppon Kayaku Co.. 
Ltd.) as a photoreactrve compound and 20 parts by weight of hydraxypivalate neopentyl glycol diacrylate (HX-220 pro- 
duced by Itippon Kayaku Co. . Ltd.) as an acryfic monomer, and the mixture was stirred at room temperature for 1 hour, 
to obtain a resin solution, lb the resin solution, 8 parts by weigjit of cSethyrthioxanthone (DETX-S produced by Nippon 

40 Kayaku Co.. Ltd.) as a photcporymerization initiator and 3 parts by weight of ethyl p-c§methylammobenzoate (ERA pro- 
duced by Nippon Kayaku Col. Ltd.) as a sensitizer were added, and furthermore, a methyl ethyl ketoneAnethyl tsooutyt 
ketone solution containing 30 wt% of an oil soluble azo chromium complex salt dye (3804T produced by Orient Kagaku) 
and phthatocycamne black pigment were added as colorants. The mixture was stirred at room temperature for 20 min- 
utes, to obtain a photosensitive black paste. 

45 [0104] The photosensitive black paste was adjusted in concentration and appied onto said ITO substrate by spin 
coating and pre-baked at 80°C in nitrogen atmosphere for 5 minutes in a clean oven. Furthermore, said coating film was 
exposed to ultraviolet fight through a photo mask, to be photoset in the desired portions, and developed by 0.4 vof% 2- 
arninoethanol aqueous solution. Rnafly the patterned coaling fim was baked in a clean oven at 1 20°C for 30 minutes, 
to form first spacers 3 in matrix as shown in Figs. 13 to 15. The black spacers had a height of 0.5 um, and in regions of 

so 270 x 750 um free from these spacers, the first electrodes were exposed. The first spacers were formed so that they 
cover the 5 jim ends of the first electrodes. 

[0105] Furthermore, the photosensitive black paste was used to form sixty seven 90 mm long, 130 urn wide and 4 um 
high second spacers 4 at a pitch of 900 um in the crosswise direction on the first spacers in the cSrection perpendicular 
to the first electrodes as shown in Figs. 13 to 15 according to similar ptotolisograprty. The two kinds of spacers had 
55 good electric insulation performance respectively. 

[0106] As descrfoed for Example 1 except the above operation, a passive matrix type color elecfroJunwescent device 
as typically shown in Figs. 13 to 15 was produced. Since three emitting areas of R. G and B form one pixel, the electro- 
luminescent device had 90 x 66 pixels at a pitch of 900 mm. 
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[0107] The second electrodes formed in stripes were sufficiently low in electric resistance in the longiturJnal direction 
as in Example 1 and perfectly free from shortaicuiting. 

[0108] The luninescentluminescent regions of the produced electrduminescent device emitted fight in respectively 
independent colors of R, G and B in sizes of 270 x 750 pm. Thedecfine in luminescent color purity of the luminescent 
regions due to the straying of luminescent materials during patterning of the emitting layer was not observed either. 
[0109] As in Example 1 . when the electroJunittescent device was driven Bne-scanrungty. clear patterns could be o5s- 
ptayednrnuitirjolor. Furtrtermore, since black spacers were formed around the luminescent regions, they functioned as 
a black matrix, to improve 1 and 2. 

Comparative Example 1 

[01101 A passive matrix type cotor elecfrolunwiescert 
spacers were not formed. 

[0111] As in Example 1. the second electrodes formed in stripes were not divided by the reinforcing lines of the 
shadow mask and were sufficiently low in electric resistance in the longitudinal direction over 100 mm, and the respec- 
tively aolacert second electrodes 

regions emitted fight in respectively irxJependertt colors of R. G and B in sizes of 270 x 750 um, and the decine in the 
luminescent color purity of the respective luminescent regions due to the straying of luminescent materials during pat- 
terruhg of tite emitting layer was not observed edher. 

[0112] However, when me electroluminescent device was driven fine-scanning** the existence of non-luminescent 
regions was outstanding and crosstalk occurred. So, clear patterns could not be dispteyecL 

Comparative Example 2 

[0113] A passive matrix type color electroluminescent device was produced as described tor Example 1 . except that 
shadow masks used for toe emitting layer c&d not have toe reinforcing lines though having the identically formed aper- 
tures. 

[0114] As in Example 1, the second electrodes formed in stripes were not divided by the reinforcing lines of toe 
shadow mask, and were sufficientry low in electric resistance in the tongitudinal direction over 1 00 mm. and the respec- 
trvery ac^acem second electrodes in toe crosswise direction were not shortorcurtedat aB. Tbe luminescent regions were 
formed in sizes of 270 x 750 jim. 

[0115] However, due to the straying of the luminescent materials during the patterning of the emitting layer, the colors 
emitted in toe respective luminescent regions had R. G and B mixed. Furthermore, due to the thickness fluctuation of 
toe emitting layer, the respective luminescent regions were uneven in luminance. 

[0116] The electirxunrvnescent device was driven fine-scanningiy. Clear patterns could be displayed, but multicolor 
was obscure. 



Comparative Example 3 

[0117] A passive matrix type color electroluminescent device was produced as described for Example 1 , except that 
toe shadow mask used for the second electrodes had no reinforcing fines formed in meshes though having iderrticaiy 
formed apertures. 

[01181 However, toe second electrodes formed in stripes varied greatly in width in toe lon^tudinal direction, and some 
second electrodes were cfisconnected halfway in the longitudinal direction. Many respectively adjacent second elec- 
trodes ki toe cn>sswise Section were pen'ectry shc>rtarcuited- The luminescent regions were aJso very differertt in size. 
The electroluminescent device was driven line-scanningjy. but no pattern could be rJsptayed since toe respectively 
adjacent second electrodes were shortrjircurted. 

Example 4 

[01 1 9] For patterning the emitting layer, shadow masks with a structure in which the mask portion and toe reinforcing 
lines were formed on the same plane as shown in Fig. 17 were prepared. Each of the shadow masks was 120x84 mm 
in outskle form and had a thk^ness of 
and 105 ftm wide apertures 32 formed in strips 

in stripes, 20 urn wide and 25 pm thick reinforcing fines 33 were formed across the apertures at 1 .8 mm intervals. Each 
of the shadow masks was fixed on a 4 mm wide stainless steel frame 34 equal in outside form to toe shadow mask. 
[0120] For patterning toe second electrodes, a shadow mask with a structure in which a clearance 36 was formed 
between one face 35 of the mask portion 31 and the reinforcing lines 33 as shown in Figs. 30 and 31 was prepared. 
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The shadow mask was 120 x 84 mm in outside form and had a thickness of 100 pm in the mask portion, having two 
hundred 100 mm long and 245 pm wide apertures 32 formed in stripes at a pitch of 300 pm in the crosswise Direction 
On the mask portion, 40 pm wide and 35 pm thick reinforcing fines with a distance of 200 pm between respectively 
opposite two skies were formed to form regular hexagonal meshes. The height of the clearance was 100 pm. being 
equal to the thickness of the mask portion. Rirtherrnore, the shadow mask was fixed on a 4 mm wide stainless steel 
frame 34 equal in outside form to the shadow mask. 

[0121] At first as described for Example 1. first electrodes of ITO were patterned in 90 mm long and 70 pm wide 
stnpes. As shown in Fig. 8. 816 first electrodes 2 were formed in stripes at a pitch of 100 pm in the crosswise Direction. 
[0122) Then, accord ng to photolithography as in Example 1 . spacers 4 were formed in the direction perpendicular to 
thefMelectnxlesasshowninHgs. 1 to 3. The spacers were 201 transparent spacers with a length of 90 mm. width 
of 60 pm and height of 4 pm formed at a pitch of 300 pm in the aosswiseAec^on. The spacers had g 
lation performance. 

[01231 The above shadow masks were used to produce a passive matrix type color electroluminescent device as 
descrbed for Example 1 . fan me electroluminescent device, as typicaBy shown in Figs. 32 to 34, a thin Um layer 10 con- 
taining an emitting layer 6 with patterned R and G regions and an electron transport layer 7 also used as an emitting 
layer with B regions was formed on the eight hundred and sixteen 70 pm wide ITO first electrodes 2 formed in stripes 
at a pRch of 100 urn. and two hundred 240 um wide secctri electrodes 8 were foar^ 

the direction perpendicular to the first electrodes. Since three luminescent regions of R. G and B form one pixel, the 
electrohranescent device had 272 x 

c5vided by the retriforcing fines of the shadow mask, and were sufficiently low in electric resistance in the longitudinal 
tfrection over 100 mm. On the other hand, the respectively adjacent second electrodes in the crosswise direction were 
not shortcircuded at all, being perfectfy tnsuJated. 

[0124] The luminescent regions of the electroluminescent device emitted light uruformfy in respectively independent 
colors of R. G and B in sizes of 70 x 240 pm. Furthermore, the decline in the lumkiesceritted Tight color purity of the 
luminescent regions due to the straying of the luminescent materials during patterning of the emitting layer was not 
observed either. 

[0125] The electroluminescent device was driven fine-scanningfy by a fine-scanning drive circuit capable of discharg- 
ing the charges accumulated in the circuit when the scanning fine was selectively changed, clear patterns could be dis- 
played in multicolor. 

Industrial AvaBabSity 

[0126] In the method for producing an organic electioluminescent device of the present invention, since the shadow 
mask is kept in contact with the spacers having a height at least partially exceeding the thickness of the thin f Bm layer, 
the thin nTm layer is not flawed. So. the properties of the organic electroluminescent elements are not degraded. This 
effect is especially large when magnetic force is used to improve the contact between the substrate and the shadow 
mask or to relatively position both of them. 

[0127] In addition, since the reinforcing lines are used to prevent the apertures of the shadow mask from being 
deformed, the fine patterning of the emitting layer, second electrodes, etc by masking can be achieved at high accu- 
racy. 

[0128] Rjrthenriore,ascfescri>edn 

ited also behind the reinforcing lines, patterning can be achieved at high accuracy even under conditions of various 
vapor deposition angles. Therefore, many evaporation sources can be used for vapor deposition, and sputtering evap- 
oration, eta can also be used. So, the effect is especiaJry large when uniform patterning in a wide area is intended. 
[0129] Moreover, since any desired form can be patterned by one vapor deposition step, the number of production 
steps can be decreased. Furthermore, the electrduminescent device to be produced is not fimited in structura 

Claims 

1. A method for producing an organic electroluminescent device which is provided with first electrodes formed on a 
substrate, a thin film layer on the first electrode containing at least an emitting layer composed of an organic com- 
pound and a plurality of second electrodes formed on the thin film layer, and has a pluraBty of lurrHnescent regions 
on said substrate, corrpristng a step of forming spacers having a height at least partially exceeding the thickness 
of said thin fftn layer on the substrate, and a step of vapoMie^ 

having reirrforcing ines formed across its apertures is kept in contact with said spacers. 

2. A method for producing an organic electroluminescent device according to claim 1, wherein the shadow mask, of 
which at least either its mask portion or the reinforcing lines is made of a magnetic material, is brought into contact 
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with the spacers by magnetic force. 

3. A method for producing an organic electroluminescent device accortfng to claim 1, wherein the patterning is con- 
ducted by vapor-depositing the deposit also on the portions behind the reinforcing fines. 

4. A method for producing an organic electroturnkiescent device according to claim 1, wherein the shadow mask hav- 
ing reinforcing lines not in contact with the spacers is used for patterning the second electrodes. 

5. A method for producing an organic elertrotuminescent device according to claim 1. wherein the shadow mask hav- 
ing reinforcing fines in contact with the spacers is used for patterning the emitting layer. 

6. A method for producing an organic etectrotuminescent device according to claim 1, wherein the first electrodes are 
formed in a pturafity of stripes on the substrate with intervals in the crosswise direction, and the second electrodes 
are patterned, by depositing a c^posH on the p 

vate in the crosswise rjrection and in the cfirection perpenrjcuJar to the first electrodes. 

7. A rrtethod for producing an organic electroluminescent device according to claim 6. wherein the spacers are formed 
along the first electrodes and between the fkst electrodes. 

8. A method for producing an organic electroluminescent device according to daim 7, wherein the spacers are formed 
so that they cover the ends of the first electrodes. 

9. A method tor producing an organic electroluminescent device accorcfing to claim 6, wherein the spacers are formed 
so that they cross the first electrodes arid locate between the second electrodes. 

10. A method for producing an organic electroluminescent device accorcfing to daim 1 . which comprises a step of form- 
ing an organic layer composed of anorganic compound containing btscarbazoryt structure as a part of the thai film 
layer. 

11. A method for producing an organic electroluminescent device according to claim 1, wherein the spacers are at least 
partial ly blackened. 
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Fig. 8 




Fig. 9 
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Fig. 10 
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Fig. 13 
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Fig. 31 
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Fig. 32 
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Fig. 33 
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Fig. 37 
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